ABSTRACT: An analysis of predicting urinary and fecal N excretion from beef cattle was conducted using a data set summarizing 49 published studies representing 180 treatment means for 869 animals. Variables included in the data set were initial BW (kg), DMI (kg/d), dietary CP content (% of DM), N intake (g/d), apparent total tract N digestibility (%), and urinary and fecal N excretion (g/d). Correlation analysis examined relationships between animal and dietary variables and N excretion. A mixed model regression analysis was used to develop equations to predict N excretion in urine and feces and the proportion of urinary N in total N excretion as a function of various animal and dietary variables. Of the single animal and dietary variables, N intake was the best predictor of N excretion in urine and feces, whereas apparent total tract N digestibility was best to predict the proportion of urinary N in total N excretion. Low prediction errors and evaluation of the equations using cross-validation indicated the prediction equations were accurate and robust. Urinary and fecal N excretion can be accurately and precisely predicted by N intake, whereas the proportion of urinary N in total N excretion was best predicted solely using apparent total tract N digestibility.
INTRODUCTION
Ammonia (NH 3 ) emissions are a major air quality concern at regional, national, and global levels (Burgos et al., 2007) . Agricultural sources and livestock farming in particular, especially intensive cattle operations, are large contributors to NH 3 emissions (Bussink and Oenema, 1998; Groot Koerkamp et al., 1998) . Ammonia is volatilized from animal waste. Dietary CP intake and the digestibility of CP influence NH 3 emissions by affecting N excretion (Cole et al., 2005; Todd et al., 2013) . The majority of NH 3 emitted is produced from microbial hydrolysis of urinary urea to ammonium by the urease enzyme (Mobley et al., 1995) . Beef cattle excrete more N in urine (approximately 60 to 80%) than in feces (approximately 20 to 40%; Varel, 1997) , and given that urinary N is more volatile than fecal N , there is interest in predicting route (urine and feces) of N excretion.
Nitrogen excretion has been extensively studied in dairy cattle and numerous prediction equations have been published (Wilkerson et al., 1997; Jonker et al., 1998; Nennich et al., 2005; Nennich et al., 2006; Zhai et al., 2007; Spek et al., 2013) . In beef cattle, several equations have been developed that predict total N excretion from the chemical composition of the diet and a description of the animal (Guo et al., 2004; Guo and Zoccarato, 2005; Yan et al., 2007) ; however, these are based on limited data. Only Waldrip et al. (2013) predicted urinary and fecal N excretion separately. However, those equations were developed from a limited number of studies, the majority of which were managed similarly to commercial practices (e.g., fed high concentrate diets with ionophores and given growth promoting implants), thus predictions of N excretion for beef cattle fed various diets needs further investigation.
The objective of this study was to develop equations to predict urinary and fecal N excretion from growing and finishing beef cattle fed a range of diets and to assess the accuracy of these equations.
MATERIALS AND METHODS
The project involved 3 phases: (1) a comprehensive database was constructed, (2) new prediction equations were developed using the database, and (3) the new equations were evaluated using cross-validation (Picard and Cook, 1984) .
The Database
A database was constructed from 50 published studies (Appendix 1) conducted using beef cattle. The initial database included 206 observations from 872 cattle in research trials or commercial feedyards, but following removal of outliers, only 180 observations from beef cattle in 49 studies were included in the database used for final analyses. The studies were identified using databases of published literature and keywords such as beef cattle, crude protein, digestibility, feedlot, nitrogen, nitrogen excretion, and so forth. Only studies in which the cattle production system was designed for meat rather than milk production were selected. The study was incorporated into the database if it supplied information on initial BW (kg), DMI (kg/d), dietary CP content (% of DM), N intake (g/d), and N excretion in urine and feces (g/d) . Studies that specifically evaluated as treatments the effects of implants or hormones on N metabolism were not included in the database. A summary of the studies is presented in Table 1 .
Within the data set, the data were divided into 3 dietary CP concentration levels: (1) diets with CP content ≤ 9% of DM (low CP); (2) diets with CP content between 9 and 15% of DM (moderate CP); and (3) diets with high CP content > 15% of DM (high CP). When not reported, variables within a study were calculated from other variables provided. For example, when not reported, dietary CP content of the diet was calculated from DMI and N intake, and the proportion of urinary N in total N excretion was calculated by dividing urinary N excretion by total N excretion. The beef cattle used were of various ages (growing and finishing) and BW (101 to 626 kg) and from different breeds (Holstein, Crossbred, Nellore, Angus, Hereford, Angus-Hereford, Belgian white-blue, and Charolais).
Diets fed to the cattle differed extensively. The majority of the studies were conducted in North America. The studies conducted in the United States with feedlot cattle fed high-grain diets were based on processed corn (cracked, dry-rolled, steam-flaked, high moisture, and ground; Bunting et al., 1989; Hill and Utley, 1989; Hill and West, 1991; Lapierre et al., 1992; Smith et al., 1992; Hill et al., 1996; Knaus et al., 1998 Knaus et al., , 2001 Knaus et al., , 2002 Bierman et al., 1999; Greenwood et al., 2001; Cole et al., 2003 Cole et al., , 2006 Cole et al., , 2011 Archibeque et al., 2006 Archibeque et al., , 2007 Spiehs and Varel, 2009; Vasconcelos et al., 2009; BurciagaRobles et al., 2010; Arias et al., 2012; Luebbe et al., 2012) accounting for 60 to 90% of DM, or sorghum (dry-rolled, steam-flaked) accounting for 77% of DM (Theurer et al., 2002) . The forage-based (56 to 100% of DM) diets contained a variety of forages, including switchgrass hay, tallgrass-prairie hay, corn silage, alfalfa hay, gamagrass, tall fescue hay, and sudan hay (Archibeque et al., , 2002 Wickersham et al. 2008a,b; Taylor-Edwards et al., 2009; Waggoner et al., 2009a; Alvarez Almora et al., 2012; Drewnoski and Poore, 2012) . The studies conducted in Canada with feedlot finishing diets were composed of 50 to 91% barley grain (dry-rolled and ground; Walter et al., 2012; Hünerberg et al., 2013b; Koenig and Beauchemin, 2013b) or barley grain supplemented with corn or wheat dried distillers grains plus solubles (Walter et al., 2012; Hünerberg et al., 2013a,b) . The forage-based diets consisted of barley silage accounting for 54 to 55% of DM and 38 to 44% of DM as barley grain-based concentrates (dry-rolled, steam-rolled, and ground; Koenig and Beauchemin, 2013a) . In the Brazilian studies, the cattle were fed corn silage diets with concentrates containing ground corn and soybean meal (Gandra et al., 2011) or corn starch and cottonseed meal (Véras et al., 2007) . Studies from western Europe offered silage (grass and corn alone or as mixtures) alone or with concentrates containing barley (dry-rolled), corn (steam-flaked), wheat (cracked), soybean meal, rapeseed meal, molassed sugar beet pulp, and fish meal (Rouzbehan et al., 1996; Fiems et al., 1997; Browne et al., 2005; Valkeners et al., 2008) . In southern European countries, the cattle consumed barley straw (chopped coarsely) supplemented with corn (ground), barley (ground), sunflower meal, and tapioca (Devant et al., 2000) . In Asian countries, Japanese studies used high concentrate diets (up to 80% of DM) that contained corn, rye, wheat, wheat bran, corn gluten feed, soybean meal, rapeseed meal, beet pulp, and alfalfa meal along with mixed hay (20% of DM; Mwenya et al., 2005) . In India, a wheat straw-based diet was used along with barley, wheat bran, groundnut oil cake, and mustard oil cake (Giri et al., 2000) . Rice straw was fed in Thailand, along with rice bran, coconut meal, and palm kernel meal (Huyen et al., 2012) .
The publications reported whole animal N balance from metabolism studies with individual animals as the experimental unit or from feedlot studies with penned cattle. There were differences among studies in the method of determining urinary and fecal N output. Some studies collected total urinary and fecal output directly (e.g., Fiems et al., 1997; Wickersham et al. 2008a,b; Koenig and Beauchemin, 2013a,b) ; whereas other studies used markers to estimate fecal N output (e.g., Cole et al., 2006; Gandra et al., 2011; Luebbe et al., 2012) . In studies where urine was not collected, urinary N excretion was estimated in most cases as the difference between N intake and the sum of fecal N and retained N (e.g., Cole et al., 2003 Cole et al., , 2006 Cole and Todd, 2009) , although sometimes urine volume was estimated from creatinine (e.g., Devant et al., 2000) .
Development of Prediction Equations
Correlation analysis was performed to determine the best independent variables for predicting N excretion. Multiple regression analysis was conducted using initial BW (kg), DMI (kg/d), dietary CP content (% of DM), and N intake (g/d) as independent variables and N output (g/d) in urine or feces as the dependent variable. Similarly, multiple regression was conducted using the same independent variables plus apparent total tract N digestibility (%) and the proportion of urinary N in total N excretion as dependent variable. The MIXED regression model procedure (SAS Inst. Inc., Cary, NC) was used for these analyses. The independent variables included in the final equations were selected using a stepwise approach by manually removing nonsignificant variables (P > 0.05). Collinearities between variables were evaluated by variance inflation factors which are measures of how highly correlated each independent variable is with the other predictors in the equation. Large values of variance inflation factors (> 2.5) for a predictor imply large inflation of SE of regression coefficients due to this variable being in the equation. When multicollinearity was identified the variable with the lowest correlation coefficient in predicting N excretion was removed. Univariate regression relationships with dietary CP content (% of DM) or N intake (g/d) as independent variable and N output in urine and feces (g/d) or the proportion of urinary N in total N excretion as dependent variable were also developed using the MIXED regression model procedure (SAS Inst. Inc., Cary, NC). Study was included in the models as a random effect to account for differences among studies.
Outliers in the data set were identified as extreme values using Mahalanobis outlier analysis in JMP Statistical Software (SAS Inst. Inc., Cary, NC). Studentized residuals were then plotted vs. predicted values from the mixed regression analysis for urinary N, fecal N, and the proportion of urinary N. If the studentized residual for a particular observation was outside the range of -2.5 to 2.5 and the observation had been identified as an outlier, the treatment mean was removed from the data set. In total, 26 observations were identified as outliers, leaving 49 studies and 180 observations for each variable in the final analysis.
Equations were then compared based on root mean square error (RMSE) and Akaike's information criterion (AIC). The equation with the smallest RMSE and AIC was chosen as the best-fit model.
Validation of Prediction Equations
The robustness of the prediction equations was evaluated using cross-validation (Picard and Cook, 1984) . The data were split randomly into 4 subsets with all data from a particular study in the same subset. Each subset was in turn left out and equations to predict N excretion in urine and feces and the proportion of urinary N in total N excretion were developed based on the remaining 3 subsets. These equations had the same variables as the newly developed final equations. Each equation was then used to predict the N excretion for the omitted subset. The procedure was repeated for all subsets. Model performance was evaluated as the difference between predicted and observed values using univariate linear regression and indices including RMSE, mean absolute error (MAE), mean bias error (MBE), and index of agreement (IA; Willmott, 1982) . The RMSE, MAE, and MBE were calculated based on the mean difference between observed and equationpredicted values, which were calculated as
, where P i and O i are the individual equation-predicted value and observed value, respectively, and n is the number of observations.
Mean prediction error (MPE) was used to describe the overall prediction accuracy (Yan et al., 2007) and was determined by RMSE divided by the observed mean (Ellis et al., 2009) . It is assumed that greater IA and r 2 values and smaller RMSE, MAE, MBE, and MPE values represent a better-fit equation.
RESULTS AND DISCUSSION
Animal Care and Use Committee approval was not required for this study because the data were obtained from published literature.
The Database
A summary of the studies comprising the data set used for predicting N excretion in urine and feces and the proportion of urinary N in total N excretion is presented in Table 2 with data for mean, SD, and range for BW of animals, DMI, dietary CP content, N intake, apparent total tract N digestibility, and N excretion. There was a large range in initial BW of the beef cattle in the data set, ranging from 101 to 626 kg with an average BW of 329 kg. Thus, the studies were conducted using cattle that ranged widely in maturity and represented growing, finishing, and mature cattle. However, it should be noted that because treatment means rather than individual animal data were used, animal variability was not considered in the analysis. Dietary CP content in the data set averaged 13.3% and ranged from 5.5 to 23.5%. The lowest CP content 2 n = number of cattle included in this study.
3 CDGS, wet corn distillers grains with solubles; NMDGS, wet corn and sorghum distillers grains with solubles; WDGS, wet distillers grains with solubles; DDGS, dried distillers grains with solubles; CDDGS, corn dried distillers grains with solubles; WDDGS, wheat dried distillers grains with solubles. 4 * = Collected total urine and total feces; ƪ = Collected total urine and partial feces. Feces production was estimated with external marker; £ = Collected partial urine and partial feces. Urine volume was estimated from creatinine. Feces production was estimated with external marker; § = Collected partial feces and estimated feces production with an internal marker. Urinary N was estimated as difference between N intake and fecal and retained N; ƚ = Collected total urine and partial feces. Total feces production was estimated with an internal marker; ǁ = Urinary N was estimated as difference between N intake and fecal and retained N. Feces production and fecal N excretion were calculated form nutrient intake and digestibility; ǂ = Collected partial urine and partial feces. Total urinary volume was estimated by dividing daily excretion of creatinine by creatinine concentration in urine. Feces production was estimated with an external marker.
was for a diet of low-quality prairie hay used in a study by whereas the greatest CP content was for a diet containing a barley silage-based diet supplemented with barley grain and wheat dried distillers grains plus solubles .
Average DMI was 6.62 kg/d, ranging from 2.92 to 10.70 kg/d. There was no difference in DMI between the high and moderate CP level groups (P = 0.89) or between the moderate and low CP level groups (P = 0.54) or between the high and low CP level groups (P = 0.63). As noted by Imaizumi et al. (2010) , there are no conclusive effects of dietary CP content on DMI, but DMI is often lower when the CP content of the diet is below the minimum requirements for microbial growth in the rumen due to reduced ruminal fiber digestibility (Colmenero and Broderick, 2006) . The lack of difference in DMI among the CP groupings was probably a reflection of confounding caused by differences in BW, dietary ingredients, and other variables.
Apparent total tract N digestibility (Table 2 ) averaged 67.5% and varied from 46.6 to 86.9%, with the high dietary CP group being greater than the moderate dietary CP group (P < 0.01), which was in turn greater than the low dietary CP group (P < 0.01). Increasing dietary CP content increased apparent total tract N digestibility likely as a result of dilution of endogenous fecal N.
Daily N intake ( Table 2) ranged from 52 to 350 g/d, averaging 141 g/d. As expected, the greater the CP concentration in the diet, the more N consumed by cattle (Noftsger and St-Pierre, 2003) . Nitrogen intake was posi- 1 n = number of observations; TTND = apparent total tract N digestibility a-c Means within an item with different superscripts differ (P < 0.01).
tively correlated with CP content (r = 0.68; P < 0.001, data not shown). As intended, there were differences (P < 0.01) among the dietary CP groups for average N intake.
The data set showed a large range in urinary N excretion (Table 2 ) varying from 13.7 to 201.3 g/d, averaging 60.4 g/d. Just as N intake varied among the 3 dietary CP groupings, so did urinary N excretion (P < 0.01): high CP group > moderate CP group > low CP group (Table 2) . Total N excretion ranged from 41.5 to 303.0 g/d, with the high dietary CP grouping > moderate dietary CP grouping > low dietary CP grouping (P < 0.01). Urinary N excretion increased with increasing CP concentration because increased dietary CP content and N intake generally lead to substantial increases in urinary N loss (Castillo et al., 2000) .
Daily fecal N excretion (Table 2 ) averaged 43.7 g/d, with a large range from 15.1 to 101.9 g/d. The least fecal N excretion was from Angus-Hereford crossbred heifers fed 1.43 × maintenance energy intake with a diet low in N (Smith et al., 1992) , whereas the greatest fecal N excretion was from beef heifers fed a barley silage-based diet supplemented with barley grain and wheat dried distillers grains plus solubles . Daily fecal N excretion from cattle in the greatest CP level group differed from that of animals in the moderate CP level group (P < 0.001) or in the low CP level group (P < 0.001), but there was no difference between the moderate and low CP level groups (P = 0.25).
The proportion of urinary N in total N excretion (Table 2) averaged 0.55 with a range of 0.26 to 0.85. The proportion of urinary N in total N excretion from cattle in the high or moderate CP groups differed from that of animals in the low CP groups (P < 0.001).
To our knowledge, Waldrip et al. (2013) is the only study to publish equations that separately predict N excretion in urine and feces for beef cattle. The equations developed by Waldrip et al. (2013) were based on 12 studies and 47 dietary treatments, representing mainly feedlot finishing cattle typical of North America. When these equations were evaluated using our larger data set representing a wide range of production systems and an assortment of diets, prediction accuracy and precision were substantially lower than when applied to the original data, as would be expected (data not shown). Use of their equations should be restricted to feedlot cattle fed diets similar to those used in their development database (i.e., high-grain feedlot diets). For that reason, we used the data set to develop prediction equations that would be useful for cattle fed a broad range of diets.
Relationships between N Excretion in Urine and Feces and Dietary or Animal Variables
Pearson correlation coefficients were determined between N excretion and animal or dietary variables (Table 3) . Urinary N excretion, total N excretion, and the proportion of urinary N in total N excretion were related positively (P < 0.001) to N intake, DMI, dietary CP content, apparent total tract N digestibility, and initial BW. Fecal N excretion was related positively (P < 0.001) to all variables, except apparent total tract N digestibility (P = 0.76). Relationships between N excretion in urine and feces and N intake (P < 0.001) are consistent with the studies of Yan et al. (2007) and Todd et al. (2013) . The correlation coefficient for the proportion of urinary N in total N excretion was greatest with apparent total N digestibility, followed by dietary CP content and N intake, whereas its relationship with initial BW and DMI was low. Because our objective was to develop more accurate N prediction equations, the significant variables were selected as predictors in equation development.
Prediction Equations for N Excretion in Urine
Mixed model regression equations for predicting urinary N excretion are presented in Table 4 (Eq. [1] to [2] ). Univariate regression relationships between urinary Table 4 . Prediction of N excretion in urine, feces and the proportion of urine N in total N excretion using N intake, dietary CP concentration, or apparent total tract N digestibility for the data set (n = 180) N excretion and dietary CP content (Eq. [1]) or N intake (Eq. [2] ) were established for the data set. In both equations, each variable had a significant effect (P < 0.05) on the relationship. Using N intake as the independent variable resulted in a better-fit equation (AIC = 1254, Eq.
[2]) compared with using CP content alone (AIC = 1343, Eq.
[1]). Comparison of predicted values produced with Eq. [2] to observed values for urinary N excretion is shown in Fig. 1 . There was no significant mean or slope bias. Regression analysis indicates good agreement (P < 0.001) between predictions and observations. The r 2 value of 0.98 for this equation indicates great accuracy in predicting urinary N excretion. When urinary N excretion was singly regressed against N intake (Eq. [2] ), the RMSE and AIC were relatively low (Table 4) . Using dietary CP content as a predictor to estimate urinary N excretion (Eq. [1]) resulted in greater RMSE and AIC, and thus was less accurate than using N intake.
The positive relationship between daily N intake and urinary total N excretion has been reported previously Marini and Van Amburgh, 2003; . Waldrip et al. (2013) showed urinary N excretion in beef cattle could be better predicted as a function of daily N intake (r 2 = 0.82) than as a function of both N intake and DMI. The univariate regression of urinary N excretion on N intake in the present study had a slope similar to that reported by Waldrip et al. (2013) , but the intercept was less (21.18 vs. 14.12).
Prediction Equations for N Excretion in Feces
Mixed model regression equations for predicting fecal N excretion are presented in Table 4 For the univariate regression relationships between fecal N excretion and N intake (Eq. [4]), RMSE and AIC were relatively low. When fecal N excretion was singly regressed against dietary CP content (Eq. [3]), RMSE and AIC value were both greater than when the regression was based on N intake, indicating that predictions based on N intake would be preferred. Vasconcelos et al. (2009) reported a linear relationship between total fecal N and N intake in beef cattle. Waldrip et al. (2013) found that fecal N excretion could be modeled as a function of N intake using the equation: Fecal N, g/d = 0.154 (N intake, g/d) + 24.28. That equation has a slope nearly identical to that in Eq. [4], but the intercept of the model of Waldrip et al. (2013) is about 1.5 times that of Eq. [4].
Prediction Equations for the Proportion of Urinary N in Total N Excretion
Mixed model regression equations for predicting the proportion of urinary N in total N excretion are presented in ships between the proportion of urinary N in total N excretion and initial BW, N intake, DMI, dietary CP content, and apparent total tract N digestibility were also established, but only apparent total tract N digestibility (Eq. [7] ) was found to be significant during the stepwise process. Each predictor in the equation had an effect (P < 0.05) on the relationship. Using apparent total tract N digestibility as an independent variable resulted in a better-fit equation Eq. [7] ) compared with using CP content (AIC = -532, Eq. [5]) or N intake (AIC = -497, Eq. [6]). Comparison of predicted values produced with Eq. [7] to observed values for the proportion of urinary N in total N excretion is shown in Fig. 3 . There was no significant mean or slope bias. Regression analysis indicates good agreement (P < 0.001) between predictions and observations. The r 2 value of 0.96 for this equation indicates great accuracy in predicting the proportion of urinary N in total N excretion.
When the proportion of urinary N in total N excretion was regressed against apparent total tract N digestibility (Eq.
[7]), AIC (-640) and RMSE (0.022) were lower than when dietary CP content (Eq. [5]) or N intake (Eq. [6]) were used as the sole predictor; thus, use of dietary CP content and N intake resulted in less accurate predictions than using apparent total tract N digestibility. Hence, apparent total tract N digestibility proved to be the best predictor to estimate the proportion of urinary N in total N excretion compared with using dietary CP content or N intake alone. This finding is similar to that of Waldrip et al. (2013) . They attempted to predict the partitioning of total excreted N into urinary N as a function of N intake or CP content; however, regression analysis indicated that the r 2 values for such models were relatively low. Apparent total tract N digestibility was selected as the best predictor of proportion of N excretion in urine in our present study probably because apparent total tract N digestibility is related to dietary CP content. Greater dietary CP content and N digestibility would lead to a greater amount of N being absorbed as ammonia from the rumen or amino acids from the small intestine, and the excess N above requirements would be excreted in urine, thereby increasing the proportion of N excreted in urine.
Validation of Prediction Equations for N Excretion in Urine and Feces and the Proportion of Urinary N in Total N Excretion
The performance of the newly developed equations for predicting N excretion in urine and feces and the proportion of urinary N in total N excretion was validated using cross-validation presented in Table 5 . Between the equations of urinary N excretion, Eq. [2] offered the better prediction. The accuracy of predictions of urinary N excretion based on CP content (Eq.
[1]) was low; the r 2 and IA were lower and RMSE, MAE, MBE, and MPE greater than for using N intake in the urinary N excretion equation. Thus, it is recommended that Eq. [1], based solely on dietary CP content, be used to predict urinary N excretion only when N intake estimates are not available.
To predict fecal N excretion, Eq.
[4] offered the better prediction when evaluated. The r 2 and IA were greater while RMSE, MAE, and MPE were lower compared with Eq. [3]. For Eq. [4], the r 2 value of 0.64 was slightly greater than the value (0.61) of Waldrip et al. (2013, equation 9 in their publication), but RMSE of 6.9 g/d observed by Waldrip et al. (2013) was somewhat less than our RMSE of 8.3 g/d. Predictions based on dietary CP content using Eq. [3] were not adequate for fecal N excretion by beef cattle, similar to the findings of Waldrip et al. (2013) . Thus, use of Eq. [3] to predict fecal N excretion is not recommended.
Given that urinary N excretion accounts for a large percentage in the total N excretion, equations for predicting the proportion of urinary N in total N excretion were also developed. To predict the proportion of urinary N in total N excretion, Eq.
[7] offered the best prediction of the proportion of urinary N in total N excretion. Using apparent total tract N digestibility (Eq. [7] ) to predict the proportion of urinary N in total N excretion in the present study improved the accuracy of prediction compared with using N intake (our Eq.
[6] and equation 10 of Waldrip et al., 2013) or CP content (our Eq.
[5] and equation 13 of Waldrip et al., 2013) . Observed and predicted values produced from Eq.
[7] agreed better (r 2 = 0.68, IA = 0.87) than did values from Waldrip's equations 10 and 13, and thus were more accurate. Predictions made by Eq. [5] based on CP content and Eq. [6] based on N intake resulted in lower r 2 and IA but greater RMSE, MAE, and MPE compared with using apparent total tract N digestibility alone and thus were less accurate. So, Eq. [5] and Eq.
[6] are not recommended due to inaccurate prediction.
Conclusions
This study used treatment means from a wide range of beef cattle studies to examine relationships between N excretion and a number of animal and dietary variables and evaluated the effects of these variables on N excretion of beef cattle fed a broad range of diets. Of all the single animal and dietary variables, N intake was the primary predictor of N excretion in urine and feces whereas apparent total tract N digestibility was the primary predictor of the proportion of urinary N in total N excretion. Other variables only marginally improved model predictions. Evaluation of the equations using cross-validation with the complete data set indicated that the predictions of N excretion in urine and feces and the proportion of urinary N in total N excretion were accurate. Results indicated urinary N can be accurately and precisely predicted from N intake (Eq. 
